We present the results of a new epoch (2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018)(2019) of a long-term (50 years) photometric monitoring of the variable planetary nebula IC 4997 (QV Sge). The integral (star + nebula) U BV light curves display a continuing brightening of 0. m 15 in V , a slight rise (<0. m 1) in B, and constancy in U . The B − V color has got redder from 0. m 4 in 2000 to 0. m 7 in 2019, whereas the U − B color has not changed significantly at that time. We carried out near infrared (IR) JHKL photometry in 2019, and comparing it to the data obtained in 1999-2006 we found the source to be fainter by 0. m 4 in L and bluer by 0. m 2 in the K − L color. The long-term brightness variations in the optical and IR regions are shown to be due mostly to the changing input of emission lines to the integral light.
INTRODUCTION
IC 4997 attracted particular attention as the first confirmed variable source of radiation among the young planetary nebulae (PNs). Liller and Aller (1957) reported a noticeable change in the λ4363 [OIII] to Hγ intensity ratio, having compared their own spectral measurements of 1956 with those of Menzel et al. (1941) made in 1938. Vorontsov-Velyaminov (1960) confirmed the variability of the ratio basing on the spectra obtained in Crimea in 1959-1960. IC 4997 received a great deal of interest in the 1960-1970s: the spectrophotometric observations were carried out by O'Dell (1963), Aller and Kaler (1964) , Aller and Liller (1966) , -and later by Ferland (1979) , Feibelman et al. (1979) , Purgathofer (1981) . The optical spectrum of IC 4997 was the most thoroughly investigated in Hyung et al. (1994) , Hyung and Aller (1993) , where the relative intensities of more than 500 emission lines in the λλ3647 − 10049 region were measured in the echelle spectra obtained in 1990 and 1991. The authors also noted the change in relative fluxes for quite a number of other emission lines besides [OIII] λ4363 and Hγ over a year of high-dispersion observations.
A large infrared (IR) excess in the 11 µm range was first detected for IC 4997 by Gillett et al. (1971) . Natta and Panagia (1981) , Pottasch et al. (1984) , Lenzuni et al. (1989) thoroughly studied the IR spectrum of the nebula and its dust envelope. Basing on IR photometry carried out in 1999 -2006 Taranova and Shenavrin (2007 found the variability of IC 4997 with a peak-to-peak amplitude of 0. m 20-0. m 25 in H and 0. m 05 in J.
Radio observations carried out by Miranda et al. (1996) , Miranda and Torrelles (1998) made it possible to construct for IC 4997 a map of 3.6 cm and 2 cm continuum radiation with angular resolution better than 0. ′′ 1. The authors described new details in the structure of its outer and inner shells and confirmed the double-shell model for the nebula suggested previously by Hyung et al. (1994) . Investigating the variability of IC 4997 radio flux Miranda and Torrelles (1998) found short timescale (< 1 year) morphological changes in the inner shell structure in the vicinity of the central star < 0.3 ′′ and explained them by the collimated stellar wind impinging on the outer shell of the nebula. According to the archival data, the 5 GHz radio flux from the optically thin part of the nebula has decreased from 100 mJy around 1989 (Acker et al., 1992) to 45 mJy in 1996 (Gómez et al., 2002) . Subsequent observations (Casassus et al., 2007 , Pazderska et al., 2009 ) showed an increase in radio flux from 80 to 108 mJy at a frequency of 30 GHz but the data was not enough to analyze the radio spectrum in detail.
The central star of IC 4997, HD 193538=QV Sge, was classified in a number of papers as a weak emission line starwels. It's hard to divide the observed integral optical spectrum into the components belonging to the nebula and the central star, but the CIV λ5801, 5812 and CIII λ4650 emission lines are identified in the echelle spectra with confidence and assigned to the star regarding their width (Hyung et al., 1994, Marcolino and de Araújo, 2003) . Marcolino et al. (2007) noted that the CIV λ1549 emission line was not in a P Cyg feature in the SWP 31683 spectrum (1987-09-01) taken from the IUE archive but analyzing an earlier IUE spectrum SWP 08578 (1980-03-27) they could see some difference: a slightly higher continuum and the NV λ1238 line possibly in a P Cyg feature in the earlier spectrum. The authors concluded that such profiles are formed in the stellar wind of the central star and not in the nebula. This fact may imply the variability of the IC 4997 central star related to the existence of a variable stellar wind.
According to the Sahai et al. (2011) morphological classification system, IC 4997 was assigned to bipolar PN regarding its Hubble Space Telescope image. The bright part of the nebula extends to < 2 ′′ from the central star and consists of two pairs of diametrically opposed lobes whose axes are perpendicular one to another.
Regular U BV photometric and spectral observations of IC 4997 at the Crimean astronomical station (CAS) of SAI MSU were initiated by E.B. Kostyakova and started in 1968. The angular visible size of the nebula is about 2 ′′ . Both photometric and spectral observations realized as part of the program include the whole nebula together with the central star HD 193538. The results of photometric and spectral monitoring in different epochs were published in a quite number of papers: Vorontsov-Velyaminov et al. (1970) , Kostyakova (1971) , Kostyakova et al. (1973) , Arkhipova et al. (1994) , Kostyakova (1990 Kostyakova ( , 1999 , Kostyakova and Arkhipova (2009) , Burlak and Esipov (2010) . We continue observing IC 4997 on the CAS telescopes and in this paper we analyze the measurements obtained in 2009-2019 together with previous data.
OBSERVATIONS

UBV photometry
Although there is a good deal of single integral brightness estimates for IC 4997 published, it would hardly make sense to compare them as there are many strong emissions and the photometric systems are slightly different, which leads to a significant scatter in data. We succeeded to maintain a long-term monitoring at the same telescope with permanent equipment.
Our U BV observations of IC 4997 have been carried out with the photon counting photometer constructed by Lyutyi (Lyutyi, 1971 ) mounted at the Cassegrain focus of the Zeiss-600 telescope of CAS since 1971. Previous results obtained mainly by Kostyakova E.B. can be found in Kostyakova et al. (1973) , Kostyakova (1991) , Arkhipova et al. (1994) , Kostyakova and Arkhipova (2009) . In this paper we present recent U BV photometry obtained in 2009-2019. As usual, HD 355464 was used as a reference star, and its magnitudes (V = 9. m 98, B = 10. m 08, U = 10. m 10) were acquired via referencing to photometric standards in NGC 6633 and NGC 7063 (Hiltner et al., 1958) . The standard errors in the photometric magnitudes are σ V = 0 m .009, σ B = 0 m .009, σ U = 0 m .012. The measurements were carried out with an aperture of 27 ′′ (sometimes 13 ′′ ), so we measured the integral brightness of the object -the PN and the central star.
Here we present the magnitudes in the instrumental system which is very close to the standard one of Johnson. Standard data reduction procedures were performed, and besides, the magnitudes were reduced to the common under-dome temperature (t = +10 • C) and a correction was introduced after a slight change of instrumental system in 1989 when the photomultiplier was substituted.
The magnitude -temperature relations for B and V can be expressed by the equations:
where t is the under-dome temperature in Celsius degree. To reduce new data to the previous photometric system we introduce the following corrections: ∆V = 0. m 109, ∆B = −0. m 084, ∆U = −0. m 040.
In Table 1 we present U BV photometry for IC 4997 obtained in 2009-2019. To analyze its long-term variability we calculated the annual average U BV magnitudes and present them in Table 2 together with standard deviation (σ) and number of observations (N ).
IR photometry
We carried out IR photometric monitoring at the 1.25-m telescope of CAS in 1999-2006 and resumed in 2019. The photometer with a liquid nitrogen cooled photovoltaic indium antimonide (InSn) detector installed at the Cassegrain focus was used. The output aperture was ≈ 12 ′′ , the spatial separation of the beams during modulation was ≈ 30 ′′ in the east-west direction. The star BS 7635 from Johnson et al. (1966) was used as a photometric standard. The results of IR monitoring in 1999-2006 were published in Taranova and Shenavrin (2007) . New JHKL magnitudes obtained in 2019 are listed in Table 3 .
Spectral observations
Optical spectroscopy of IC 4997 was carried out at the 1.25-m telescope of CAS in 2010-2019. We used a low-dispersion spectrograph with a 600 lines mm −1 grating. The detector was a ST-402 CCD 765×510 pixels in size. The slit width was constant and equal to 4 ′′ . The spectral resolution obtained was near 7.4Å as measured from the fullwidth half maximum (FWHM). The spectrograph configuration was different in August and October, 2019: the spectra were obtained with another camera objective lens and a FLI PL-4022 CCD 2048×2048 pixels in size. A binning of 2×2 was used, obtaining nearly the similar spectral resolution as before. For flux calibration spectrophotometric standard stars with known spectral energy distribution were also observed: 107 Her, 18 Vul, 29 Vul, HD 196775, 40 Cyg, ρ Aql (Glushneva et al., 1998; Pickles, 1998 ). The standard stars were observed before or after IC 4997 at close airmasses. We show the log of observations in Table 4 .
Due to the spectrograph design it's possible to obtain simultaneously a part of spectrum of ∼ 1500Å or ∼ 2400Å in the previous or new configuration respectively. To cover the whole observable wavelength range (∼4000-9500Å) it's necessary to obtain 4 or 3 overlapping frames. Usually the airmass difference between IC 4997 and the standard star did not exceed 0.2. Under stable atmospheric conditions the estimated error in the absolute flux calibration was about ∼5%, as is was indicated by good matching of overlapping parts of spectra. Under non-stable conditions the calibration error increased (up to 20%).
To measure the emission line intensities we integrated all the flux in the line. Table 5 presents observed relative emission line intensities on the scale I(Hβ) = 100, and the observed flux F (Hβ) in absolute units. For the lines brighter than 1% of the Hβ line the estimated error is about 10%, and about 25% for the weaker ones.
In order to examine the physical conditions in the nebula, we had to correct the relative intensities for the interstellar reddening. Burlak and Esipov (2010) reviewed the previous attempts to determine the reddening coefficient for IC 4997, and using their spectral data obtained in 2003-2009 they derived c(Hβ) = 0.35 taking into account self-absorption in the hydrogen lines. Our new spectral data agree well enough with this value of c(Hβ). It's worth mentioning that the Balmer decrement was indicative of self-absorption in 2010-2019, too, but the effect seems to have weakened by 2019.
PHOTOMETRIC VARIABILITY
The integral brightness of IC 4997 varies with a typical seasonal range of less than 0. m 2 and demonstrates a long-term trend over the last 50 years. Figure 1 The variation of the annual average magnitude appears to have an amplitude of 0. m 6 in V , 0. m 4 in B, and about 0. m 3 in U . Note that in 50 years of our monitoring the integral U and B magnitudes described a gradual asymmetric curve and returned to the initial state, while the V brightness continued to increase after 2010, and the object is 0. m 2 brighter at present than it was when we started observing it. The B − V and U − B color indices varied less gradually and appeared bluer and with larger scatter when the object was fainter that could be ascribed to the effect of variable emission lines.
To estimate the input from emission into the U BV brightness we isolated the emission nebular component of IC 4997 from the average U BV magnitudes for the year 1990 using the most complete and reliable spectral data for this year from Hyung et al. (1994) . We took into account the lines not fainter than 0.05 on the scale I(Hβ) = 100. Unfortunately, the given paper contains only relative line intensities for IC 4997 in August, 1990 . The data were flux-calibrated using the absolute measurement of Hβ intensity in 1990 made by Kostyakova and Arkhipova (2009) : F (Hβ) = 2.6 × 10 −11 erg cm −2 s −1 . We calculated the averaged values of brightness and color over 12 estimates obtained in May-October, 1990: V = 11. m 07, B = 11. m 52, U = 10. m 98, B − V = +0.45, U − B = −0.54. The input from emission lines was estimated using the passbands of our U BV instrumental system.
Note that photometric and spectrophotometric observations were carried out at different nights, the averaged date of all measurements falls on the end of July, 1990.
So, we estimated the emission lines input into the U BV brightness, and calculated the integral continuum flux and magnitude for the object in 1990.
The emission lines input into the U BV integral brightness of the variable PN IC 4997 in 1990 was as large as 30 % in V , 70 % in B, and more than 13 % in U (since no emission lines were measured beyond the Balmer discontinuity in 1990).
We'd like to highlight the input of the [OIII] nebular lines λ5007, λ4959 and Hβ into the B and V integral light. In Figure 2 , we present the relationship between the summary flux from Hβ, [OIII] λ4959, λ5007, which dominate the blue region, and the annual average V and B brightness in 1972-2019. It is clearly seen that the summary flux from these three lines lg(F (Hβ) + F (λ4959) + F (λ5007)) and the V and B brightness are closely related: the correlation coefficients are 0.90 and 0.81 respectively. Therefore, the B and V photometric variability may be explained by the changing emission spectrum of the nebula. Similar analysis for the U band is complicated by the absence of data on the changes of nebular spectrum in the wavelength range bluer than λ3700.
The color indices for the summary continuum of the nebula and central star appeared to be
for IC 4997, we got the reddening corrected color indices for the summary continuum:
The emission lines input having been removed, the position of IC 4997 in the color-color diagram appears to be similar to that of a hot star with a temperature more than 35000 K and a rather optically thick gas continuum. We estimate the position uncertainty associated with the mismatching of dates of photometric and spectral observations to be equal to ∼ 0. m 3.
Note that IC 4997 was undoubtedly classified as a bipolar PN (Sahai et al., 2011) . The bipolar PNs which have an hourglass-like morphology (i.e. a cylinder with a 'pinched-in' shape in the region around the center) are now widely considered to have a binary central star. And in this regard, we were interested to find some traces of the possible central star binarity in the summary optical continuum. The color indices (B − V ) 0 (cont) = 1.08 and (U − B) 0 (cont) < −1.89 resulted from subtracting the emission lines input and reddenning correction demonstrate a slight red excess in the (B − V ) color which is not reliable due to low accuracy.
IC 4997 displays a variation in IR brightness, too. Taranova and Shenavrin (2007) basing on the JHKL photometry made in 1999-2006 showed that the amplitude of variation in JHKL was nearly 0. m 2 − 0. m 3 and that in the J − H, H − K и K − L colors was up to ∼ 0. m 5 within a characteristic time of 260-280 days. The authors suggested that the detected variation in H was associated with the changing input of the hydrogen Brackett lines. In 2019 we carried out the observations of IC 4997 with the same equipment as had been used previously. In Figure 3 Whitelock (1985) reviewed the principal sources of near IR emission for PNs: they are the free-free and free-bound radiation of hydrogen and helium plasma and the thermal emission from dust with T d >1000 K (if there is dust in the nebula). There is also a small input of the central star and a significant one from the emission lines, the strongest ones being:
J band: Pβ, Pγ, He II λ1.162µm, He I λ1.083µm; H band: Brackett series from Br 10 λ1.737µm to nearly the series limit at λ1.459µm; K band: Brγ and He I λ2.058µm. Whitelock (1985) proposed a classification scheme for PNs based on the major source of 1-2µm emission and assigned IC 4997 to the N (Nebula) group due to the nebula radiation dominating the near IR domain. Note that IC 4997 is a PN of low excitation, so the He II λ1.162µm is not present in the spectrum. Thus, trying to explain the JHK variability of IC 4997 we can ignore the impact of the dust component and consider the change in intensities of H I and, to a lesser degree, of He I lines responsible for variation. Ohsawa et al. (2016) presented near IR (2.5−5.0µm) spectra for 72 PNs including IC 4997 obtained with IRC/AKARI. Due to this work, we have an idea of the most important emission lines of IC 4997 falling into the L passband: they are Brα λ4.05µm and Brβ λ2.62µm. Therefore, the L brightness variability of IC 4997 may relate to the change in the intensity of these lines.
SPECTRAL VARIABILITY
The change in the intensity ratio of the lines [OIII] λ4363 and Hγ was the first evidence for the spectral variability of IC 4997 due to the fact that it could be easily measured with confidence. In Figure 4 we reconstruct the long-term (several decades) evolution of the F (λ4363)/F (Hγ) ratio basing on the data from this work and the previous estimates made by different researchers since 1938: Aller (1941 (Parker et al., 2016) . Over the entire period of observations the ratio has described a wave with a peak-to-peak amplitude of 0.45 in the logarithmic scale and a characteristic time of 50-60 years. The λ4363/Hγ ratio continued to decrease in 2010-2019 following the trend set around 1990, and by 2019 the ratio has reached the value observed in 1960-1970.
In addition to the variation of F (λ4363)/F (Hγ), the nebular [OIII] lines intensities relative to Hβ were found to vary, too. Since 1960-1970 their intensities at first decreased until 1985, then they grew to 2005, and since then they stay at the approximately constant level slightly higher than that of the early sixties. Note that the relative intensities of the nebular and auroral lines have changed differently which is well illustrated by Figure 5 . There is also a hint of variability in He I lines but the data are less reliable and available for a smaller time interval. In Figure 5 we present the evolution of the He I λ5876 intensity relative to Hβ: in general, the change was inverse to that of the nebular lines . The He I λ6678 line varies in a similar way to λ5876, at least since 1986 -we have not managed to find earlier measurements for the λ6678 line. Figure 6 shows the observed absolute intensities for the [OIII] λ4363, λ4959 lines measured by different researchers over the last 60 years. Although there is a big scatter in estimates for these lines, the trend is well defined. Since 1960 the absolute intensity of the auroral line grew at an approximately constant rate, reached maximum level about 2000-2005 having increased more than twice, and then started to decrease faster than it had been increasing. Since 1960 the absolute intensities of nebular lines stayed quite constant with a possible slight tendency to decrease, but in the mid-1970s dropped sharply and reached minimum level around [1985] [1986] [1987] [1988] [1989] [1990] , then increased at a lower rate to the values observed about 1960 or little higher, thereby having reproduced the optical light curve of IC 4997.
It would be interesting to ascertain whether the absolute intensity of Hβ varies, but the absolute spectrophotometry is very difficult to perform, and there are inconsistencies between observers which produce large scatter in data constituting definite obstruction to the determination of the shape and characteristic parameters of the Hβ intensity variation. Nevertheless, one can see a period of higher absolute intensity before 1980, then it faded by 30% and stayed more or less constant until 2000-2005, and after that started to grow.
As regards the variability of other lines, it's worth mentioning that mostly short wave region of optical spectrum was investigated in earlier epochs, while the long wave one -later. So, just several lines were measured over a long-term period, and only for a few the estimates are reliable. Figure 7 shows the evolution of relative intensities for the [ 
DIAGNOSTICS AND PHYSICAL PARAMETERS OF THE IC 4997 NEBULA
"One has to be an optimist to attempt to construct a model for IC 4997..." (Huyng, Aller, Feibelman, 1994) After the variability of the F (λ4363)/F (Hγ) and F (λ4363)/F (λ4959 + λ5007) ratios was discovered and till about 1970, some suggestions were proposed to explain these spectral changes. Gurzadian (1958) , Vorontsov-Velyaminov (1960) and Khromov (1962) considered the fall in the central star temperature to be the cause of the decrease in F (λ4363)/F (Hγ), though Gurzadian believed this change in temperature to be of an evolutionary character, Vorontsov-Velyaminov -to have a long periodic nature, Khromov -to be oscillatory fluctuations. According to Aller and Liller (1966) , the spectral changes resulted from the expansion of the nebula with a corresponding decrease both in electron density and electron temperature. In addition to long-term changes, fast oscillations of the F (λ4363)/F (Hγ) ratio within one year were detected, and Ferland (1979) supposed that they were due to the variation of electron temperature attributed to small changes in the number of ionizing photons emitted by the central star: since the electron density is high in the inner parts of the nebula (N e ∼ 10 6 см −3 ) where the [OIII] λ4363 line is mostly generated, the thermal equilibrium is set very quickly and a well-defined temperature will always be present. Although there is a variety of diagnostic ratios measured for IC 4997 in the optical and ultraviolet regions, the constructing of a quantitative model turned out to be a difficult task, especially if one aims not only to describe the instantaneous state of the nebula and central star but also to interpret its change (see Hyung et al., 1994 for more detail). Various ions emit in different zones and there exists a large range in electron density and temperature for them. So, the region of intersection of all the curves corresponding to different ions encompasses a large range of N e , T e values in the diagnostic diagram for IC 4997. To understand the observational data and to estimate the abundances it is necessary to adopt for the nebula at least a two-component structure consisting of a more dense inner zone enclosed in a shell of lower density.
Our aim was to determine the physical conditions in the nebula, so we measured several diagnostic ratios. The most actively used intensity ratio has always been the relation involving the auroral [OIII] λ4363 and one or both of the nebular [OIII] λ4959, 5007 transitions. We did not always manage to measure the λ5007 line intensity, therefore Figure 8 shows the change of the R = F (λ4363)/F (λ4959) value over a time period of about 80 years. In 2010-2019 the ratio decreased thus keeping the tendency started about 1990, and by 2019 it returned to the value observed in 1960-1970. Due to the availability of absolute intensities, we can schematically divide the evolution of R in 1970-2019 into three intervals. During the first phase (∼1970-1990) R was growing due to the strengthening of the auroral transition and weakening of the nebular one; at the second stage (∼1990-2000) -R was decreasing with the simultaneous strengthening of both lines; during the third phase (∼2000-2019) -R was decreasing due to the strengthening of the nebular transition and weakening of the auroral one. The big grey circles in Figures 6 и 8 indicate the averaged values of corresponding quantities at the points which delimit the highlighted intervals: 1970, 1990, 2003 (the year when we started our spectroscopic monitoring with a CCD), 2019.
Some other line ratios seem to be variable too, though their variation can be traced over a shorter period of time and is not evident (see Figure 9 ). So, the [ArIII] F (λ5192)/F (λ7135) ratio was observed to decrease from ∼ 0.033 in the early 1990s (Hyung et al.,1994) to ≤ 0.01 (this work) in 2019. The [ArIII] λ5192 line, however, is very weak and forms a blend with two other lines of comparable intensity, [NI] λ5198 и λ5200, and the low dispersion makes its measuring uncertain. Similar behavior is seen for the [SIII] lines, though a large wavelength separation between them (λ6312 and λ9069) leads to a significant calibration uncertainty. On the contrary, the [NII] F (λ5755)/F (λ6584) ratio does not show any significant change. Besides, the scatter of estimates is big, possibly due to the difficulty in separating the λ6584 line from the Hα wing.
The diagnostic relations sensitive to electron density, [SII] F (λ6716)/F (λ6731) and [ClIII] F (λ5518)/F (λ5538), stayed constant within the limits of accuracy over the whole period of our observations since 2003. The F (λ6716)/F (λ6731) ratio is close to its critical value, so it indicates only the lower limit of log N e ∼ 4 which corresponds to the outer envelope of lower density where the low excitation species emit. The ratio of [ClIII] lines is also close to its critical value. This ratio is attributed to the zones of higher excitation and suggests a somewhat higher estimate for the density of lg N e ∼ 4.5. But the second ionization potential for chlorine is lower than that for oxygen, therefore the zone where the λ5518, 5538 lines originate may match only partially with the [OIII] emitting region. The constancy of the ratios mentioned above implies that even if the electron density in the low excitation zones varies it does not fall much lower than the critical value (lg N crit e ∼ 3 − 3.5 for sulphur и ∼ 4 − 4.5 for chlorine).
Let's now consider the displacement of diagnostic curves representing the ions N + , S 2+ , O 2+ and Ar 2+ in the N e − T e diagram. These ions have a similar structure of energetic levels but differ in the ionization potential and critical density, and must emit in different regions of the nebula. Figure 10 contains the N e − T e diagrams constructed by means of the PyNeb package (Luridiana et al., 2015) for the moments which limit the intervals of time highlighted according to the change of the [OIII] absolute intensities. Besides the fact that one pair of N e , T e values can not explain the observed data, the total appearance of the diagrams suggests a high value of the electron density (lg N e ≥ 6), at least for the strata where the [OIII] lines arise. The ratios used for the diagrams were corrected for the interstellar reddening with c(Hβ) = 0.35. The diagram for the year 1990 was drawn basing on the data from Hyung et al. (1994) , and they derived c(Hβ) = 0.8. If we had corrected the ratios using this value of c(Hβ), the diagnostic curves would have been located in the area of larger values of N e , T e . Since 1990 the curves associated with O 2+ , S 2+ и Ar 2+ evolved in similar manner, they shifted to the smaller values of N e , T e , while the location of the N + curve almost did not change. Probably, the variation of N e , T e does not affect the [NII] emitting zone.
As we are not able to derive the absolute N e , T e values for the given epochs, let's try to determine how they change. The initial data for our further calculations are the changes of absolute intensities for Hβ, [OIII] λ4363, 4959, and also the changes of their relations corrected for reddening. We assume that the zones where all these transitions arise are characterized by the same N e , T e values and the number of emitting hydrogen atoms is constant. Some definite value of temperature is considered as an initial one (in 1970). First, we find N e for this initial moment using R, and the relative abundance of O 2+ using relative intensities. Then, as we know the relative change of F (Hβ) between the two epochs and the R value at the second moment, we can estimate N e , T e at the second moment and also the abundance of O 2+ using relative intensities. The same procedure is executed as we pass from the second moment to the third and from the third to the fourth. Table 6 lists the results of the simulations performed by means of the package PyNeb for several initial values of the electron temperature: T e = 8000, 10000, 12000 K. For all initial temperatures, N e varies only slightly, whereas T e first grows and then drops by several thousand degrees.
A significant growth of temperature is necessary to interpret the decrease in the absolute intensity of Hβ since 1970. It сould have been explained by the decrease in N e , but it is in contrary to the growth of R. On the other hand, the intensity of collision excited lines must increase with temperature, but we observe the nebular lines decreasing since 1970, and the auroral line increasing is less than expected for such change in temperature. To explain the observed data it's necessary to reduce significantly the number of emitting O 2+ ions (by a factor of 10), which may be due to the subsequent ionization of oxygen or to the diminution of the emitting zone.
And the question arises: what did make T e to increase by several thousand degrees? According to Ferland (1979) , if the change in the electron temperature of the nebula is caused by a change in the flux of ionizing photons Q from the central star, we can relate them through an equation: ∆T e ≃ 4200×∆Q/Q. So, the 300 K temperature change proposed by Ferland to explain fast variability of the F (λ4363)/F (Hγ) ratio requires an 8% change in the ionizing flux. But our simulations imply a temperature increase of several thousand degrees that would mean ionizing flux increasing by several times. We find it hard to imagine such a process. A rise in T e must have been caused not so much by the growth in the effective temperature of the star because the level of excitation of the spectrum of IC 4997 did not change over the observed period, but by some other processes, for instance, the interaction of stellar winds. Table 6 also lists the relative intensities for the HeI λ5876 line calculated using the obtained values of N e , T e and He + /H + =0.1. One can see that in the case of the initial T e = 8000 K the intensity changes only slightly, whereas for T e ≥ 10000 K the simulated variation of intensity matches qualitatively with the observed one, though the amplitude is smaller.
The results presented in Table 6 can be considered as a kind of estimation. A larger value of interstellar reddening (c(Hβ) > 0.35) will require a larger increase in electron temperature to explain the observed spectral changes. If we take into account the fact that we measure the integral flux from the nebula, whereas the fluctuation of N e , T e may occur only in some strata, then the amplitude of temperature change will be larger.
DISCUSSION AND CONCLUSIONS
We have presented optical and near IR photometric and low-resolution spectroscopic data for IC 4997 obtained in 2009-2019. New results are investigated together with the previously published data.
Basing on the observational data obtained with our invariable U BV photometric system we have plotted an annual average light curve of IC 4997 from 1970 till 2019. We have found a long-term marked dip in U BV flux with a peak-to-peak range of 0.5 m in V . The source started fading after 1970, reached the minimum brightness near 1985, then recovered to the initial level in B and U , whereas the V brightness continued growing up to 2019. In 2019 we obtained new near IR JHKL photometric data. The nebula was found to be fainter in 2019 if compared to the epoch of 1999-2006 with the effect most prominent in L. We have shown that the long-term optical and IR brightness variation is related mostly to the changing input from the nebular emission lines.
After the emission contribution was subtracted from the B and V brightness, the B − V color of the integral continuum corrected for reddening appeared still too red for a sum of the stellar and gas continua, which may be indicative of the presence of one more source of continuum radiation in this wavelength range (a satellite of the central star?), although the evidence is very uncertain. It's worth mentioning that the central star of IC 4997 is not only suspected to be binary but it was also included in the list of PN possibly shaped by a triple stellar system (= maybe triple class) with a probability of 0.33.
Basing on new and previously published data we have traced the evolution of relative and absolute intensities and their relations for some emission lines originated in the nebula over a period 1970-2019. In 2010-2018 the λ4363/Hγ ratio decreased as it had been doing since about 1990 and by 2019 returned to the value observed in 1960-1970. Over the whole period of observations the ratio drew a wave with a peak-to-peak amplitude of 0.45 in logarithmic scale and a characteristic time of 50-60 years.
With the use of archival and new data we have traced the evolution of absolute intensity for Hβ: one can note a period of higher values before 1980, a fading by a factor of 1.5 and subsequent maintenance at the same level with a slight tendency to growth till 2000-2005, then a more pronounced increase. The variation of the absolute intensity of the nebular [OIII] λ4959 line in 1960-2019 was roughly similar to that of Hβ but had a larger amplitude (F max /F min ≥ 2). Having recovered to the value observed before fading, the absolute intensity of [OIII] λ4959 did not change significantly in 2010-2019. The absolute intensity of the auroral [OIII] λ4363 line grew since 1960 at a nearly constant rate, reached maximum value about 2000-2005 having increased more than twice, then started to fade and is still fading.
We have also reconstructed the variations of intensity for some other transitions. In particular, we have traced the variability of HeI λ5876 in 1960-2019: an increase in relative intensity by a factor of ∼2, then weakening and return to the former level.
We have estimated the lower limit for the electron density in the outer shell of IC 4997 using the diagnostic ratios of [SII] и [ClIII]: lg N e ∼ 4 и ∼ 4.5 respectively. The ratios stayed constant within errors and were close to critical values in 2010-2019.
The location of diagnostic curves of N + , S 2+ , O 2+ and Ar 2+ on the N e , T e plane indicates that, first, there are zones of different electron temperature and density in the nebula, and, second, the parameters vary with time. A rise in one or both of these characteristics was observed at least in the inner part of the nebula in 1970-1990 with subsequent decrease which lasts until now. Using the data on absolute intensity variations for Hβ, [OIII] λ4363, 4959 and assuming that N e , T e are the same for the strata where these lines arise, we have estimated the scale of the variation. We think that the variation of T e in the inner part of the nebula is responsible for the spectral variability of IC 4997, and the change in T e is due not so much to the change in ionizing flux from the central star, but to the variable stellar wind and the related processes. In general, the spectral changes observed in 1960-2019 may be interpreted as the observable consequence of a single episode of enhanced mass loss from the variable central star. There are still the questions of what has triggered the increase in mass loss rate, whether this episode was a unique one or could occur again in one form or another. Year 
